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SUMMARY 
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This report is a collection of opinions concerning the state-of-the-art of 
the electroencephalogram for answering the question: How competent is man during 

his flights into space? 

The initial step in an attempt to answer a biomedical question which lacked 
reliable experimental data was to seek the opinions of scientists who were recog- 
nized scholars in the field of neurophysiology in general and in electroencephal- 
ography in particular. The following is a summary of their considered opinions. 

1. The E.E.G. (the electroencephalogram) is a highly reliable index for the 
state of vigilance. 

2. The E-E-G*, in its present stage of development, is not a direct indicator 
of competency. 

3. The E.E.G. can give inferential indications of competency. 

4. Test-stimuli techniques would provide more direct evidence of performance 
and decisional procedures . 

5. The E.E.G. could serve as a supplement for verbal communication. 

6. The E.E.G. has demonstrated usefulness in the investigations of biorhythmi- 
city . 

7. Techniques for collecting electroencephalographic data under conditions 
which simulate aspects of space flight are being developed. 

8. Techniques are being further developed for analyzing and for plotting 
electroencephalographic data. 

9- The recent advances in the methods for studying data retrieved from 

electroencephalograms indicate potentialities for evaluating decisional 
processes . 

10. The use of electroencephalography as an answer to the question of competency 
awaits a better solution to the problems of data reduction and display. 



THE STATE-OF-THE-ART OF ELECTROENCEPHALOGRAPHY 


AND ITS ROLE IN MANNED SPACE FLIGHT 


A. INTRODUCTION 

The state-of-the-art of electroencephalography is in a condition of flux 
because of the recent technological advances in the methods for processing neuro- 
electric data. One major motivating influence for accelerating these recent advances 
is the increasing emphasis on manned space flight programs. 

How competent is man during orbital flight? The purpose of this report was to 
seek an answer to this question. Since competency is defined as functional adequacy, 
some clue to this adequacy may be found in monitoring the nervous system, particu- 
larly the electrical activity of the brain. A search for a possible answer to the 
above question was made, therefore, in the field of electroencephalography. 
Unfortunately, no electroencephalograms of our astronauts have been recorded during 
flight. This report contains the opinions of scientists recognized generally for 
their contributions to the field of neurophysiology and psychiatry, and is an 
attempt at answering the above question. 

The Soviet open literature ^ contains information obtained from electroen- 
cephalograms recorded during several flights of cosmonauts by placing silver electrodes 
on the forehead and occiput. The objective in studying the electroencephalograms 
was to search for a relationship between particular variations in the EEG measure- 
ments and the overall condition of the cosmonaut in orbital flight. 

l/ Medical and Biological Research on Space Vehicles "Vostok" and "Voskhod." A 

Translation . 

N 65 14598 - N 65 14600; U.S. Department of Commerce, Joint Publications 

Research Service, Building Tempoe, East Adams Drive, 4th and 6th Street, 

S.W., Washington, D-C., 20443 
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B. SURVEY OF OPINIONS 


The information contained in this report is a collection of answers to the 
following questionnaire. 

1. How competent is the man in the space vehicle for executing his role as 
the human component in the overall vehicular-plus -ground systems? 

2. Can he make the correct decisions? 

3. Can he translate these decisions into the action required? 

4. What can be learned from the electroencephalogram for answering these 
questions? 

5 . If data supplementary to the electroencephalogram are needed for a more 
reliable and complete answer to Question 4, what parameters are required 
for supplying these data? 

The recipients of the questionnaire were well recognized scientists in the 
field of neurophysiology and its related disciplines (see Appendix). The answer 
to only one question, namely Question 4, was requested. The desirability of 
an answer to Question 5 was indicated. 

The questionnaire was mailed to 31 scientists; replies were received from 18. 
Five of these 18 respondents stated that either they were no longer active in 
the field or that their particular research was not pertinent to the requested 
information. One scientist stated that his research is confined to animals. 

Table I summarizes the replies to the questionnaire. 
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SURVEY OF SCIENTISTS’ OPINIONS 
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Rowland Gross changes in the E.E.G. of aviators which Reply to this question is This scientist ga.ve a similar opinion some five years 

appear like abnormalities in some cases of involved in the reply to ago to the Thompson Ramo Wooldridge Company which antedated 
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C . SUPPLEMENT TO TABLE I 


When replying to the questionnaire, a few of the scientists included pertinent 
information supplementary to an immediate answer to Question 4 . Extracts from the 
letters of these scientists are presented here. 

1. Submitted by Saunders 

Question 4 . 

Preliminary Considerations . The EEG is not a direct indicator of mental status 
or perceptive or motor ability. It can, however, give inferential evidence concern- 
ing these. During waking states probably the maximum amount of information concern- 
ing mental, perceptive and motor status is obtainable through verbal communication 
and command - response situations. If long duration flights are planned with man 
as an active participant, then either continuous verbal communication or a continu- 
ous monitoring system to directly or indirectly indicate mental status of key 
personnel is necessary. 

Since much information may be obtained by continuous verbal description of 
procedures by the key personnel during critical periods, monitoring by other 
methods can be avoided. However, to do this, considerable subjective interpre- 
tation of the voice, its inflections, choice of words and the like may be necessary. 
Checking of responses of the vehicle to adjustments, stated to have been made is 
necessary and little evidence of impending changes in levels of consciousness are 
available until they have occurred. 

Since the EEG is a fair indicator of levels of consciousness and since levels 
of consciousness reflect perceptive and motor ability, the EEG can give good 
inferential evidence of behavioural ability during periods when verbal communica- 
tion is not maintained. As there is evidence that EEG changes can precede 
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behavioural change, indication of impending impairment is possible. 

4 

The EEG now becomes a supplement to, not a substitute for, verbal communi- 
cation. Periods when verbal communication is absent may be monitored and the 
level of consciousness during verbal communication inferred. Other additive 
evidence can be obtained by monitoring other systems (see Q-5). It may be seen 
that this investigator believes that the EEG has a useful function in monitoring 
man in space although the proviso must be added that if evidence of changes in 
behaviour is inferred, some form of control of the vehicle from ground to sub- 
stitute for man would be of value. Being able to infer change in consciousness 
and unable to help would be interesting but somewhat academic and use up communi- 
cation channels available for other purposes. 

It is not too difficult to transmit eight channels of EEG data over a 
5000 c.p.s. bandwidth. Some methods of data reduction are available although 
much work remains to be done in this field. Any data reduction or transformation 
(e.g. frequency analysis) must be performed in real time. Data should not be 
collected in epochs of more than one second before presentation. Rather, instan- 
taneous presentation as in the conventional EEG or presentation after frequency 
filtering is necessary. It is not the purpose here to discuss computer methods 
of pattern recognition which is still in a very limited state. At the moment, 
monitoring requires continuous visual examination of the EEG by a trained observer 

This in itself is a limiting factor since continuous visual examination is extreme 
ly tedious and short episodes of not watching during critical periods could be 
disastrous. It is felt there are techniques of overcoming this. 

EEG Activity . Assuming the validity of arguments that the EEG can be of 
considerable value, some indications of its capabilities and limitation may be 
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outlined . 


During alertness with the eyes open the great majority of normal adults 
show little consistent activity in the EEG. Some theta activity (4-7 c.p.s.) 
may appear in certain electrode montages involving the temporal lobes and some 
beta activity (< 14 c.p.s.) in the motor regions. The EEG is not flat. The 
amount of beta activity may increase during periods of heightened alertness 
and the theta activity may increase during anxiety. Kappa activity (around 
10 c.p.s.) may appear in the temporal areas during mental concentration. Quanti- 
tation of these changes by visual examination is usually very difficult. 

Techniques could be developed to explore the significance of the patterns more 
fully than at present. 

During non-alertness with eyes open, i.e. day dreaming and focussing on 
infinity, alpha activity (8-13 c.p.s.) of low amplitude usually appears spor- 
adically. That is, this pattern indicates a state of lowered visual perception. 
When the eyes are closed, alpha activity appears in the majority of normals. 

The presence of alpha activity implies reduction or absence of visual reception. 
There is also evidence in the literature that conditions that reduce the mean 
alpha frequency tend to increase the reaction time. Interestingly, long term 
sensory deprivation tends to reduce the mean alpha frequency quite markedly. 

The degree of visual alertness may be inferred from the EEG and on comparing 
long term mean alpha frequencies, some inference of reaction time change is 
obtained. 

Should the astronaut doze, quite marked changes in the EEG would appear 
particularly in levels of theta activity. As sleep progresses a variety of 
well described changes appear and the sleep level may be quite accurately assessed. 
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Unresponsiveness due to sleep as compared to that due to some pathological state 
is usually possible. Use of peri-orbital electrodes to detect eye movement can 
give good confirmation of sleep. K complexes produced in the EEG by some stimulus 
can give further confirmation. The presence of the K complex during sleep will 
give confirmation of the reception of the stimulus and imply integrity of the 
earth vehicle communication channel. Return to the waking state and alertness 
can be followed. 

Should some situation arise impairing cerebral metabolism (e.g. anoxia), the 
alpha activity decreases in frequency. The theta activity increases in ampli- 
tude and spreads to areas of the brain not normally producing these patterns. 

In the early stages of appearance of this activity, the astronaut may well appear 
alert on verbal communication but there is evidence that at least in visual- 
motor performance the error rate will increase quite markedly. The inference is 
that judgment in critical situations will be inadequate. 

Ability to differentiate physiological from pathological changes in alertness 
is possible particularly if other parameters are monitored (Q-5). 

Should the EEG go through a series of changes to very slow activity, suppres- 
sion burst activity and ultimately to no activity (flat EEG), there is evidence 
of death or impending death. Absence of heart beat would confirm this incontro- 
vertibly . 

It may be seen that from the EEG a considerable amount of inferential evidence 
concerning the well being of the monitored human may be obtained without two-way 
voice contact being necessary. 

Question 5 . 

Other Parameters. To support evidence from the EEG a variety of physiological 
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parameters could be monitored. Here their function will be considered primarily 
as evidence to support EEG findings. 

EKG - increase in rate can indicate anxiety or some generalized patho- 
logical effect (e.g. anoxia). Increase in heart rate plus increase in beta 
activity is strongly suggestive of anxiety. Increase in rate, T wave inversion 
plus theta activity in the EEG is strongly suggestive of some impending patho- 
logical condition. Decrease in rate plus increase in theta activity suggests 
drowsiness. Marked slowing, T wave changes and very slow EEG activity suggests 
a profound toxic effect . 

Electrooculogram - electrodes around eyes to detect eye movement and 
eye blinking. 

During relaxation there is a tendency to frequent blinking and eye 
wandering. In alert states blinking decreases and eye movement tends to follow 
specific patterns (e.g. checking instruments). 

During sleep and dreaming eye movements will appear, but during coma 
these will be absent or infrequent. 

The psycho galvanic response can add evidence concerning states of 
anxiety, relaxation, sleep or pathological conditions. 

All the above may be monitored by visual inspection of a trained 
observer and the correlations of the data made mentally. Given time and money, 
there seems to be no reason why most of the correlations should not be performed 
by computers. 

2. Submitted by Lindsley 

The questions you pose with regard to the electroencephalogram (EEG), that 
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is. Nos. 4 and 5 , relative to Nos. 1, 2 and 3, are difficult unless some other 
conditions of orbital flight are provided. For example, can one assume that 
relatively normal levels of oxygen and carbon dioxide tension will be maintained, 
and that blood sugar level, etc. will not fall below normal limits? What levels 
of ambient noise and temperature are involved? Under conditions of weightless- 
ness what degree of proprioceptive feedback is lost? I presume that answers to 
these and other questions are known within certain limits but I do not know them 
of fhand . 

Ways in which I would conceive that the EEG might be useful, without having 
given much preliminary thought to this question, are the following: 

1. Selection of candidates for orbital flight to insure that: a) they are 
free of epileptic or convulsive tendencies and possible other brain abberancies; 

b) testing limits of physiological stress by breathing low oxygen mixtures to 
near point of unconsciousness; by hyperventilation or other means for reducing 
carbon dioxide level; under conditions of low and high blood sugar levels; 

c) testing EEG and possibly autonomic responses under conditions of psychological 
stress; d) noting effects of weightlessness on EEG, perceptual capacities, motor 
performance, etc. 

2. With regard to decision processes per se , the standard EEG, has not, to 
my knowledge, been particularly useful, except as an index of whether a subject 

is getting drowsy or going to sleep, which of course would preclude appropriate 
decisions. (Some work is being done on animals with electrodes implanted in vari- 
ous structures of the brain in an effort to determine changes occurring during 
perceptual discrimination and learning, and some identified with decision processes 
once a habit has been learned.) 
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3- Use of the EEG in conjunction with average response computers fo,r study- 
ing evoked potentials to visual and auditory stimuli, indicates that this may be 
a useful method of studying vigilance and attention (References) over time; also 
recent work suggests that it may be useful in studying expectancies and antici- 
pations, processes which of course are involved in decision processes and thinking. 

The limits of usefulness of the EEG in 1.) above depend entirely upon what 
questions one is trying to answer and what conditions will be imposed. There 
are many sources of information depending upon the conditions. Briefly, I think 
some of my own summaries of changes in the EEG with regard to physiological and 
psychological factors leading to shifts in level of consciousness or awareness 
(i.e. alertness, attention, drowsiness, sleep, loss of consciousness) might be 
helpful starting points. Two such references among others are: 

Lindsley, D- B. Electroencephalography. In: J. McV. Hunt (ed) Personality 

and the Behavior Disorders , Vol. II, Chap. 35, Pp. 1033-1103 • New York: Ronald, 

1944. (See particularly pages 1054-1075 •) 

'ndsley, D. B. Attention, consciousness, sleep and wakefulness. In: John 

Field (ed.) Handbook of Physiology: Sec. I, Neurophysiology, Vol. Ill, Pp. 1553- 

1593* Washington, D.C-: Amer. Physiol. Soc., i 960 . (See particularly pp. 1575- 

15890 


*l) E. Donchin, J. D. Wicke and D. B. Lindsley, Cortical Evoked Potentials and 
Perception of Paired Flashes, Science Vol. l4l. No. 3857, pages 1285-1286, 
Sept. 27, 1963 

2) Manfred Haider, Paul Spong and Donald B. Lindsley, Attention, Vigilance, 
and Cortical Evoked-Potentials in Humans, Science Vol. 145, No. 3628 , 
pages 180-182, July 10, 1964 
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* There are of course many psychophysical and behavioral methods for assess- 
ing ability to make perceptual discriminations, for studying sequential judg- 
ments and adjustments under conditions of rest, alertness, vigilance, and stress- 
ful states. I believe that the EEG and the extension of it by means of computer 
analysis has the potential for providing an index of changes in the brain before 
these are reflected in behavior and decision processes. However, many of these 
things are just now being tried out and it is not certain that all of them will 
be productive in this regard, nor is it certain that all of them may be studied 
under conditions which might be necessary to simulate orbital flight conditions. 

3. Submitted by Adey 

It is not clear to me on the basis of the questions that you list at what 
particular audience your evaluation is aimed, and since this quite critically 
effects the nature of the reply, I hope you will forgive me for ambiguities that 
my response may contain. I would doubt whether any appeal to punditry can truly 
evaluate the use of the EEG in this area. It is only very recently that a few of 
us have been able to collect records from pilots of high performance aircraft, 
from freeway drivers and others undergoing environmental stresses similar to those 
encountered in space flight. As you probably understand, it is only very recently 
that the requisite technology has been available for collection of the EEG under 
these circumstances. I point this out in some detail, because our own group is 
currently evaluating the baseline EEG from 200 astronaut and pilot trainees at 
the Houston Manned Spacecraft Center. These EEG's have been collected according 
to a tape recorded protocol and are currently undergoing analysis by complex 
pattern recognition techniques not previously applied to the EEG. These tech- 
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niques have been developed in our laboratory. Until these techniques have been 

♦ 

applied to an adequate baseline such as the one collected under these rigidly 
prescribed conditions , there seems little point in hoping that previous baselines 
collected in a more or less haphazard fashion on a widely varying series of 
subjects can be appropriately applied to the conditions experienced by an astro- 
naut in actual space flight . 

I do not mean to be discouraging, nor do I wish to discount much previous 
work in clinical EEG laboratories, but the specific nature of the problem and 
the specific questions that you have asked make it necessary to draw attention 
to the critical aspects of the problem. 

In a specific answer to Question No. 4 , my colleagues and I consider that 
the EEG can provide a highly reliable evaluation of states of alertness, drowsi- 
ness and boredom, in incipient sleep and an accurate evaluation of the depth of 
sleep under conditions of actual space flight. This opinion is based firstly 
on the feasibility of collection of appropriate EEG records on an essentially 
"non-interference” basis from man performing pilot functions and other critical 
activities in the spacecraft operation, as well as during sleep in a relaxed 
environment. Our studies have established the feasibility of satisfactory data 
collection from individuals performing comparable tasks, such as piloting high 
performance aircraft and freeway driving. The analysis techniques that we have 
applied to the data include auto- and cross-spectral analyses, displayed as con- 
tour plots of continuous spectral density analysis and as contours of coherence. 
The coherence plotting method has proved exquisitively sensitive in revealing 
changing interrelations in a pattern of scalp recording leads. Equal value 
attaches to the use of equivalent noise bandwidth-duration stability functions 
which have been calculated in a variety of states ranging from extreme alertness 
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to deep sleep, and which appear to adequately specify differences between these 
physiological states in ways not possible from visual inspection of the records- 
This applies particularly to such states as dream or paradoxical sleep, in which 
the EEG record closely resembles that of the alerted state. Our studies of 
depth leads in animals has indicated a feasibility of detecting changes that 
relate to actual correctness and incorrectness of decision making, but the 
feasibility of such an approach on scalp leads on man has not yet been proven. 
However, we have clearly detected states of increased alertness relating to the 
decision making process in subjects undergoing auditory vigilance tasks, by 
the use of continuous spectral density plots. 

In answer to Question No. it would seem highly undesirable to hinge any 
physiological monitoring system about a single parameter, even if it be as reveal 
ing as the EEG- Much additional information can be gathered from studies of eye 
movements, electromyographic records from the trunk and neck, the galvanic skin 
response, heart rate and respiration. However, none of the latter offers the 
detailed information and accurate correlation with physiological states of 
alertness and directed attention that can be secured from the EEG. Moreover, 
only the EEG can reveal the precise nature of normal and abnormal states of uncon 
sciousness, including the depth of the various phases of sleep. The latter 
would appear a critical requirement in the evaluation of man's adjustment to 
prolonged space flight, and would determine both optimal sleep-work cycles and 
man's ability to sustain judgment and high performance level in prolonged space 
flight . 
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4. Submitted, by Halberg 


In keeping with Dr. Barlow's advice I am indeed interested in uses of the 
human electroencephalogram in connection with studies of the sleep -wakefulness 
cycle. A point raised by Dr. Pitts has been the question as to whether the 
development of the sleep-wakefulness cycle sketched in Figure 14 and analyzed 
in Figure 15 of the enclosed reprint (pages 183 and 184 in Halberg, F.: 
Periodicity analysis--a potential tool for biometeorologists . Int. J. Biometeor- 
ology 7 : 167 - 191 j 1963 ) might be reversed in the presence of a reduced input 
into the reticular formation. The physiologic model for such a reversal has been 
alluded to in Halberg, F., Halberg, E., Barnum, C. P. and Bittner, J. J.: 
Physiologic 24-hour periodicity in human beings and mice, the lighting regimen 
and daily routine. Pages 803-878 in Photoperiodism and Related Phenomena in 
Plants and Animals, R. B. Withrow, ed. AAAS, 1959* In our laboratory we have 
already extensive though unpublished evidence for the presence of an ultradian 
band (frequencies with one cycle in 3-5 hours) as well as of a circadian one in 
the human electroencephalogram. Accordingly, a study of spectral variance shifts 
in the frequency analyzed EEG might be a reasonable dividend from monitoring 
human EEG ! s during flights in extraterrestrial space. This gauge might be more 
sensitive when newly developed computer programs are used for the purpose of 


* Quotation from Dr. Barlow 1 s Reply: Another possible use of the EEG for man in 

space is in connection with the sleep-wakefulness cycle of a subject in an 
orbiting satellite. I believe that Dr. Franz Halberg, at the University of 
Minnesota, may have an interest in this latter problem. 

**This reprint consisted of 25 pages. For this reason it was not reproduced 
for inclusion in this report. 
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frequency analysis in the circadian and ultradian domains of the EEG than the 
exclusive reliance on high frequency analysis -within the Berger range, and 
certainly both such types of analysis might be added to an examination of EEG's 
for sleep spindles and the like. 

While our laboratory is quite active in terms of experimental designs and 
computer programs for analyses, we have had no experience with sensors that 

I understand are now available to others. The availability of the latter and 

* 

of an appropriate data transfer system will contribute very heavily to any 
answer to the question whether in 1964 the use of the human EEG for studies 
in human performance might be utopian or realistic. 

I should emphasize also the need for a correlation between variance 
shifts in the circadian and ultradian domain of electroencephalographic fre- 
quencies with performance parameters, such as decision time, in the course of 
groundwork- -before such plans are incorporated into bioastronautic planning. 

I have only superficial familiarity with decision times evaluated, for instance, 
by the difference between multiple choice and visual reaction times. Such end- 
points and other behavior endpoints will have to be correlated in groundwork 
with the yield of electroencephalographic analysis before suggesting the use of 
electroencephalographic endpoints for the purposes of gauging human performance 
in the overall man-machine system. 
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